In order to assess the phylogenetic position of the recently described Protobothrops maolanensis Yang et al., 2011, we reconstructed relationships within the genus Protobothrops based on four mtDNA gene fragments (12S RNA, 16S RNA, ND4 and cyt b). Phylogeny reconstruction consistently recovered a sister relationship between P. maolanensis and P. elegans though with uncompelling support. However, a clade composed of P. maolanensis, P. mucrosquamatus and P. elegans was recovered with strong support. The genetic distance between P. maolanensis and P. elegans and between P. maolanensis and P. mucrosquamatus is relatively high compared to other sister-species comparisons within sampled Protobothrops. Given the molecular results and morphological differences, we conclude that P. maolanensis is a valid species closely related to P. elegans and P. mucrosquamatus.
Introduction
The genus Protobothrops Hoge & Romano-Hoge, 1983 was erected based on skull characters and the ultrastructure of scales. Originally, only the species P. flavoviridis (Hallowell, 1861) , P. jerdonii (Gϋnther, 1875) and P. mucrosquamatus (Cantor, 1839) were included in this genus (Hoge & Romano-Hoge 1983) . Subsequent phylogenetic analyses have reclassified P. elegans (Gray, 1849), P. tokarensis (Nagai, 1928) , P. kaulbacki (Smith, 1940) , P. xiangchengensis (Zhao et al., 1979) and P. cornutus (Smith, 1930) to this genus (Krause et al. 1996; David & Ineich 1999; Herrmann et al. 2004; Guo et al. 2006) . Based on more extensive sampling of Protobothrops and related viperids, Guo et al. (2007) proposed to synonymize both Zhaoermia and Triceratolepidophis with Protobothrops. Additionally, two new species, P. trungkhanhensis Orlov et al., 2009 and P. maolanensis Yang et al., 2011 have been described recently, increasing the total number of species in the genus to twelve (Orlov et al. 2009; Yang et al. 2011) .
Protobothrops maolanensis Yang et al., 2011 was recently described from Guizhou, southwestern China. Based on Yang et al.'s (2011) description, it differs from its congeners by a combination of scalation, body proportions and color pattern. The phylogenetic position of P. maolanensis within Protobothrops has not been clarified, although Yang et al. (2011) proposed that P. maolanensis was superficially most similar to P. trungkhanhensis in appearance. Here, based on four mitochondrial gene fragments, we assess the phylogenetic affinities of this recently described viperid.
Material and methods
Four individuals of Protobothrops maolanensis were sampled, all collected from the type locality (Maolan Town, Libo Co., Guizhou). Genomic DNA was extracted from 85% ethanol-preserved tissues using standard proteinase K and phenol-chloroform protocols (Sambrook & Russell 2002) . Cytochrome b (cyt b), NADH dehydrogenase subunit 4 (ND4), 12S RNA and 16S RNA sequences were generated and combined with previously published sequence data of the other ten congeneric species (Herrmann et al. 2004; Guo et al. 2006 Guo et al. , 2007 (Table 1) . Gloydius blomhoffii and Ovophis monticola were chosen as outgroups based on . Novel sequences were generated using primers and reaction conditions as described in Burbrink et al. (2000) for cyt b, Arevalo et al. (1994) for ND4, Knight & Mindell (1993) for 12S RNA, and Parkinson et al. (1997) for 16S RNA. PCR products were purified using commercial kits and double stranded products were sequenced using an ABI 3730 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA), following the manufacturer's protocols. Generated sequences were deposited in GenBank (Accession Numbers: JN799397-JN799412) ( Table 1) . All sequences were aligned using the program Mega 4.0, with default parameters (Tamura et al. 2007 ). We reconstructed phylogenetic relationships using Bayesian inference (BI), maximum parsimony (MP) and maximumlikelihood (ML) methods. For BI, three partitioning strategies were evaluated: data unpartitioned, four partitions (cyt b, ND4, 12S RNA and 16S RNA) and eight partitions (cyt b and ND4 1 st , 2 nd and 3 rd positions separately, 12S RNA and 16S RNA). Each partition was assigned best-fit substitution model using AIC in MrModeltest 2.3 (Nylander 2004) . The optional partition model was chosen using Bayes factors (BF) as described in Brown & Lemmon (2007 Huelsenbeck 2003), with three runs each with four Markov chains (three heated chains and a single cold chain) using a random starting tree. Each run was conducted with a total of 5 ×10 6 generations and sampled every 1000 generations; we discarded the first 1.5×10 6 generations as burn-in after evaluation in the program Tracer 1.4 (Rambaut & Drummond 2007) . Trees from each run were combined to calculate posterior probabilities (PPs). MP trees were obtained using PAUP* 4.0b10 (Swofford 2003 ) with a heuristic search using 1000 random sequence addition replicates and TBR (tree bisection-reconnection) branch swapping. Support values (bootstrap-Felsenstein 1985; BS) were calculated using 1000 pseudoreplicates. The ML analysis was conducted with RAxML 7.2.3 (Stamatakis et al. 2008) . Support for the ML phylogenetic reconstruction was assessed using bootstrap resampling with 1000 pseudoreplicates. Average divergence estimates between species were calculated from concatenated marker sequences as well as from each marker separately in Mega 4.0 (Tamura et al. 2007 ). 
Results
A total of 2380 base pairs (bp) of sequence were obtained (804 bp of cyt b, 668 bp of ND4, 409 bp of 12S RNA and 499 bp of 16S RNA). Of these, 453 bp are parsimony informative. No deletions, insertions or stop codons were detected in the two protein-coding genes (cyt. b and ND4), so that there was no evidence of the unintentional amplification of nuclear pseudogenes (Zhang & Hewitt 1996) .
Bayes factor comparison indicated that the best-fit partition scheme was the four partitions strategy (data not shown). The BI tree (Fig. 1) showed that all representatives of Protobothrops formed a strongly supported clade (PP of 100%). Additionally the four samples of P. maolanensis formed a maximally supported clade, with a sister relationship to P. elegans, although with low support (79%). A clade comprising P. maolanensis, P. elegans and P. mucrosquamatus is also maximally supported (100%). All other relationships recovered in the BI tree are consistent with previous studies Guo et al. 2006) .
The MP analysis produced two optimal trees of 1407 steps, CI = 0.581, RI = 0.643, RC =0.374. Both the 50% majority-rule consensus tree (MP) and ML tree were consistent with the BI tree in topology. Differences are indicated in support values for several clades in Fig. 1 . The uncorrected mean interspecific sequence divergence ranges from 1.2% (P. flavoviridis vs. P. tokarensis) to 8.3% (P. mucrosquamatus vs. P. sieversorum) for 12S RNA, 1.6% (P. xiangchengensis vs. P. jerdonii) to 7.5% (P. tokarensis vs. P. sieversorum) for 16S RNA, 2.6% (P. flavoviridis vs. P. tokarensis) to 13% (P. sieversorum vs. P. cornutus) for ND4, 1.8 % (P. flavoviridis vs. P. tokarensis) to 16% (P. flavoviridis vs. P. sieversorum) for cyt b and 2.9% (P. xiangchengensis vs. P. jerdonii) to 11.5% (P. sieversorum vs. P. elegans) for the concatenated data (Table  2) .
Discussion
Mitochondrial DNA-based phylogenetic analyses indicate that Protobothrops maolanensis is closely related to P. elegans and P. mucrosquamatus. Although the mitochondrial DNA data indicate that P. elegans is the more closely related species to P. maolanensis, this is not compellingly resolved. Morphologically P. maolanensis is distinct from the sympatric P. mucrosquamatus (Yang et al. 2011) and allopatric P. elegans (Yang et al. 2011; Stejneger 1907) . The genetic distances between these species support the morphological taxonomy in indicating that P. maolanensis is a distinct species. Protobothrops maolanensis is superficially similar in appearance to P. trungkhanhensis (Yang et al. 2011) , which is found in similar karst habitat in Vietnam; however genetic data are not yet available for the latter species. The resolution of the relationships among P. maolanensis, P. mucrosquamatus and P. elegans, as well as P. trungkhanhensis, is likely dependent upon more extensive character as well as taxon sampling.
